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ELECTROENCEPHALOGRAPHIC STUDIES DURING ACUTE

SUBTOTAL SENSORY DENERVATION IN MAN

Extensive sensory denervation produced by spinal anesthesia is frequently
accompanied under clinical conditions by development of somnolence.'
The present study was instituted to investigate this phenomenon electro-
encephalographically in man under controlled conditions, a review of
the literature having failed to reveal data on EEG response to experi-
mentally produced acute extensive sensory denervation in man.

METHODS

Five female patients aged 26 to 60 scheduled for elective intra-abdominal
gynecological operations were studied. None had clinical evidence of
neurologic or psychiatric disorders, and none was receiving narcotics,
hypnotics, or other drugs with central nervous system effects prior to
the study. Secobarbital (100 mg.) was administered orally to each patient
in the evening prior to surgery. On the morning of surgery the patient to
be studied was placed on an operating table in a secluded, darkened room
and an intravenous infusion of five per cent dextrose in water was started,
the rate of administration being regulated so that not over 200 ml. of
fluid were administered during the period of study. With the patient in
the lateral position a polyethylene catheter was then aseptically inserted
2 cm. into the subarachnoid space through the third lumbar interspace. The
patient was then placed in the supine 10° head-down position, a position
which was maintained throughout the remainder of the study. Twelve
silver wire needle electrodes were next placed on the scalp as follows:
two anterior frontal; two central; two midtemporal; two on the ears; two
occipital; one midline occipital; and one midline central. After application
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of electrodes, the patient was allowed to rest for approximately 30
minutes, following which a baseline electroencephalogram was obtained.
Secobarbital (2 mg./kg.) and atropine (0.007 mg./kg.) were then
injected intramuscularly as premedication. EEG tracings were taken
at frequent intervals until EEG changes due to premedication had dis-
appeared 60-90 minutes later. After the EEG had returned to control
readings and at a time when mild sedation was still present, spinal
anesthesia was induced without moving the patient by injecting through the
subarachnoid polythylene catheter a hyperbaric mixture containing 1.0 ml.
of one per cent tetracaine HCI mixed with 1.0 ml. of 10 per cent dextrose.
Visual and auditory stimulation was avoided by permitting only the
anesthesiologist and the EEG technician to be present in the darkened,
silent room from the time the patient first entered the room, thus main-
taining the external environment as constant as possible for the entire
period of the study (usually about 2Y2 hours).

Continuous EEG recordings were made from the moment of injection
of local anesthetic into the subarachnoid space until five minutes after
stable levels of sensory anesthesia were obtained, usually a period of 30
minutes. Mental alertness was evaluated throughout the entire 2X2-hour
period of study by judging patients' responses to softly spoken questions
and was arbitrarily graded as either "normal," "depressed state of mental
awareness" (i.e. slightly depressed sensorium but not sleep, with eyes
open or half-open when undisturbed), or "somnolent" (i.e. lightly asleep
with eyes closed but responding in a drowsy fashion to soft vocal stimulus).
Sensory level of anesthesia was defined as the most cephalad dermatone in
which there was inability to detect sharpness of a pin firmly applied to
the skin. In all cases sensory anesthesia also extended caudal from this
level to sacral dermatones.

Vasopressors were not administered prophylactically or intrathecally.
If the systolic blood pressure decreased 30 mm. Hg or more during
anesthesia, methoxamine, a drug without direct central nervous system
effects, was injected intravenously through the infusion in 2.0 mg. doses.
Arterial blood pressure was determined sphygmomanometrically every
three minutes. At the completion of the study, scalp electrodes were re-
moved, the patients were taken to the operating room, and the proposed
surgery performed under the spinal anesthesia provided during the period
of study. Duration of the study and surgery being longer than duration
of action of the local anesthetic used to produce spinal anesthesia, re-
peated injections of tetracaine through the subarachnoid catheter were
employed during operation when indicated.
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RESULTS

Results are summarized in Table I. Control EEG's were normal in all
patients and EEG changes associated with premedication had reverted to
normal in all patients prior to induction of spinal anesthesia. During
anesthesia EEG's remained unaltered (normal) in all patients with the
exception of patient I.B. In this patient, high-amplitude, spiking, fast alpha
and theta waves appeared after induction of spinal anesthesia. These changes
were identical to those which had been observed earlier in the same patient
following secobarbital premedication but which had subsequently disap-
peared prior to induction of spinal anesthesia. They were similar to changes
observed after administration of hypnotic doses of barbiturates or other
sedative drugs. At the time this abnormal EEG pattern reappeared during
anesthesia, arterial blood pressure was, and had been for the preceding 8-10
minutes, 70/50 mm. Hg. Although the hypotension was corrected by
methoxamine, the EEG remained unchanged and continued to show an
abnormal pattern. In no patient was there evidence to suggest that changes
in blood pressure were associated with EEG alterations.

In all patients the sensorium was more depressed during spinal anesthesia
than it had been before induction of anesthesia. Three patients whose
sensoriums were mildly depressed before anesthesia as a consequence of
premedication exhibited further depression of their state of mental aware-
ness during anesthesia. Two patients whose sensoriums were normal
before anesthesia also showed depression of their state of mental awareness
during anesthesia.

DISCUSSION

The present data indicate that experimentally induced, extensive (but
incomplete) deafferentation in man is not associated with significant
alteration in cortical electrical activity as judged by electroencephalography.
In one patient spinal anesthesia was accompanied by reappearance of a
previously observed barbiturate-induced EEG pattern. The reasons for
this reappearance are obscure, but the changes were minor and neither in
this patient nor in the other four were EEG patterns characteristic
of either drowsiness or sleep present despite mild depression of the state
of mental awareness.
The absence of EEG sleep patterns during high spinal anesthesia is

in accord with observations made in animals that contributions from the
spinal cord and the bulbar part of the brain stem play relatively little role
in maintaining activation of the electroencephalogram. Lindsley, et al.'
found that in order to produce experimental EEG sleep patterns in animals
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the brain must be transected rostral to the pons in the region of the
tegmentum of the midbrain or in the basal diencephalon. Magoun8 has
indicated that to produce true behavioural as well as EEG sleep the brain-
stem reticular activating system must either be depressed or, as in Lindsley's
experiments, anatomically dissociated from the cerebral cortex. Since, in
the present series of patients, complete deafferentation involving the cranial
and upper cervical nerves was not obtained, it is not surprising that the
EEG was unaffected. The patients did, however, experience a depressed
state of mental awareness during extensive sensory denervation. Since
the concentration of local anesthetic agent in cisternal fluid during spinal
anesthesia has been shown to be below minimal anesthetic concentrations,"
it is unlikely that this phenomenon can be ascribed to the presence of local
anesthetic agent in either the cerebral subarachnoid space or in the
ventricular system, following its injection into the lumbar subarachnoid
space, in concentrations which would directly depress neuronal tissue.
It is more likely that the depressed state of mental awareness was related
to decreased afferent stimulation of the brain. This state is better described
as "depressed state of mental awareness" than as either "drowsiness" or
"sleep," both of which are associated with characteristic EEG changes.
This depression of the state of mental awareness experimentally produced
in the present group of patients corresponds to that depression so frequently
observed during high spinal anesthesia under less well controlled clinical
conditions.

Experimentally induced arterial hypotension has been shown by Beecher
and his associates to be accompanied by EEG changes. In the present
study there were no EEG changes despite development of hypotension. The
reason for this is probably related to differences in cerebrovascular resistance
and cerebral blood flow produced by different types of hypotension.
Hypotension produced by blood loss or cardiac tamponade as in Beecher's
work is accompanied by decreases in cardiac output and by peripheral
vasoconstriction leading to decreases in cerebral blood flow severe enough
to alter normal electrical activity of the cortex. Arterial hypotension asso-
ciated with preganglionic sympathetic block produced by spinal anesthesia
is, on the other hand, associated with decreased cerebrovascular resistance
so that little or no decrease in cerebral blood flow occurs.78

SUMMARY

In five normal patients extensive sensory denervation acutely produced
by spinal anesthesia resulted in a depression of the state of mental aware-
ness unaccompanied by electroencephalographic changes. These data in
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man are in accord with previous observations in animals that contributions
from the spinal cord play no significant role in maintaining normal
electroencephalographic activity, but demonstrate that the state of mental
awareness in man is related to afferent impulses. The arterial hypotension
associated with this type of anesthesia was also unaccompanied by electro-
encephalographic changes.
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